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Introduction: Left ventricular (LV) systolic dysfunction is themost frequent initial presentation of patientwith LV
noncompaction (NC). Our objectives were to evaluate myocardial contraction properties in patients with LVNC
and the relationship of non-compacted segments with the degree of global and regional systolic deformation.
Methods:We included 50 LVNC with an echocardiography and speckle imaging calculation of peak longitudinal
strain (PLS). Each of the 16 LVmyocardial segmentswas deﬁned asNC (ratioNC/compacted layer N 2), borderline
(NC/C 0–2) and compacted (NC/C = 0). Basal, median and apical strain values were calculated as the average of
segmental strain values. For comparison a group of 50 patients with dilated cardiomyopathy (DCM) underwent
the same measurements.
Results: There was no statistical difference between the 2 groups for any conventional LV systolic parameters. A
characteristic deformation pattern was observed in LVNC with higher strain values in the LV apical segments
(−12.8 ± 5.9 vs−10.7 ± 5.7) and an apical–basal ratio (1.52 ± 0.73 vs 1.12 ± 0.42; p b 0.001). There was no
correlation between LV function and the degree of NC. Among 726 segments, compacta thickness was thinner
in NC vs C segments (6.4 ± 1.4 vs 7.7 ± 1.8 mm; p b 0.05). There was no difference in WMS but regional strain
values were signiﬁcantly higher in NC compared to C segments (−13.1 ± 6.1 vs−10.2 ± 6.3; p b 0.05).
Conclusions: Compared to DCM, LVNC presented with relatively preserved apical deformation as compared to
basal segments. Lower regional deformation values in compacted segments conﬁrm the concept that LVNC is a
phenotypic marker of an underlying diffuse cardiomyopathy involving both C and NC myocardium.
©2014 TheAuthors. Published by Elsevier Ireland Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
According to the European Society of Cardiology Working Group on
Myocardial and Pericardial Disease, left ventricular noncompaction
(LVNC) is still an unclassiﬁed cardiomyopathy [1]. This cardiomyopathy
is characterized by trabeculations and recesses within the ventricular
myocardium. LV systolic dysfunction associated with heart failure is
the main predictor of outcome and the most frequent initial presenta-
tion of patient with LVNC [2–4]. But its mechanism and relation to
non-compaction is not clearly established.r noncompaction; DCM, dilated
odimensional;2DSI,twodimen-
global longitudinal strain; CMR,
nstitut Lorrain du Cœur et des
Vandoeuvre les Nancy, France.
land Ltd. This is an open access articlIn the context of dilated and hypokinetic left ventricles, it is unclear
whether LVNC is a morphologic trait rather than a distinct cardiomyop-
athy. Pronounced trabeculations are present in both LVNC and dilated
cardiomyopathy (DCM), which sometimes makes the differentiation
difﬁcult.
Although cardiac magnetic resonance imaging (CMR) has emerged
as the gold standardmodality in the diagnosis and evaluation of this dis-
ease [5], echocardiography is critical to perform and is still used as the
ﬁrst-line imaging. The echocardiographic criteria of Chin, Jenni and
Stöllberger [6–8] are used to conﬁrm the diagnosis. Furthermore,
Paterick and Tajik proposed to introduce the concept of myocardium
contraction of the NC segments as an additional diagnosis criterion [9],
so that abnormal ventricular function and myocardial deformation
patterns, on top of criteria of pathologic hypertrabeculation may lead
to diagnose LVNC.
Deformation imaging with peak systolic longitudinal strain (PLS)
calculation is able to evaluate the degree and the extent of LV dysfunc-
tion and differentiate mechanisms of segmental abnormalities. Dilated
cardiomyopathy is associated with reduction of strains in all directionse under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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systolic dysfunction and helps to understand the physiological nonuni-
formity of regional LV performance [11–12]. Furthermore, global
longitudinal strain value is a prognostic marker of heart failure in
cardiomyopathy [13–14].
The purpose of this study was to illustrate the role of deformation
imaging to evaluate the relationship between the degree and the extent
of NC with regional and global systolic dysfunction. The second objec-
tive was to deﬁne a new tool using functional approach to help in the
classiﬁcation of patients with similar dilated phenotypes and discrimi-
nate primitive from non-compacted dilated cardiomyopathy.2. Material and methods
2.1. Populations
Fifty patients newly referred for LVNC were screened between
January 2001 and December 2013. The diagnosis of isolated LVNC was
based on the presence of the following criteria: (1) visual appearance
of two distinct compacted epicardial layer and a non-compacted
endocardial layer; (2) marked trabeculation and deep intertrabecular
recesses within the non-compacted layer; (3) non-compacted to
compacted end-diastolic myocardial ratio N2, and (4) absence of other
associated congenital or acquired heart disease. [6–9]. Atrial ﬁbrillation
was an exclusion criterion, because it made it impossible to perform 2D
speckle analysis.
In addition, 50 age- and LVEF-matched nonischemic dilated cardio-
myopathy (DCM) patients were enrolled in our study (mean age
51.9 ± 15.2 years).
Oral informed consent was obtained from each participant.2.2. Echocardiographic imaging and analysis
A complete 2-dimensional and Doppler echocardiography (Vivid 7
and Vivid 9, General Electric Medical Systems, Horten, Norway) with
2D speckle tracking analysis was performed in all patients.2.2.1. 2D standard echocardiography
Echocardiographic images were obtained from the parasternal short
axis views at the basal,median and apical levels and from the 3 standard
LV apical views (4-, 2- and 3-chambers). All images were acquired at a
frame rate of 50 to 70 frames/s for 2D views. For each patient we mea-
sured 2D LVEF (Simpson biplane method). Left ventricular mass was
calculated by the Teichholz method. Diastolic function was assessed
by the E/A and E/E′ ratio and the LA area according to guidelines [15].
LVwallmotionwas assessed according to a 17 segmentmodel (ACC/
AHA) [16]. Each segment was analyzed individually and scored on the
basis of its motion and systolic thickening ranging from 1 to 4: 1 =
normokinetic or hyperkinetic, 2 = hypokinetic, 3 = akinetic, and 4 =
dyskinetic. The wall motion score index (WMSI) was calculated as the
sum of all scores divided by the number of segments visualized. Apical
segment (apical cap-segment 17) was excluded from the segmental
analysis.2.2.2. Extent and degree of non-compaction
The severity of NC in each of the 16 LV segments was assessed quan-
titatively by measuring the non-compacted and compacted myocardial
layer thickness from the 3 parasternal short axis view in end-diastole
(millimeter and percentage of extent).We calculated the ratio between
NC and C layer to obtain the value of NC/C ratio. The segmental degree of
non-compacted myocardium was categorized into 3 grades: NC if the
ratio was above 2; borderline if the NC/C ratio was between 0 and 2
and compacted if there was no trabeculation (NC/C ratio = 0) (Fig. 1).2.2.3. 2D longitudinal peak systolic strain
Strainmeasurements were performed ofﬂinewith a dedicated auto-
mated software (Automated Function Imaging, EchoPAC PC, version
110.1.0, GE Healthcare). Only good quality images were used. From
each apical view, 3 sample pointswere placedmanually along the endo-
cardium to deﬁne the LV base and the apex at the end-systolic frame.
Each LV wall was divided into 3 segments (basal, median and apical)
and bull's eye according to the 17 segment classiﬁcation was displayed.
The values of longitudinal systolic strain of all the segments were aver-
aged to obtain a 2D global longitudinal strain (GLS) value. Peak longitu-
dinal strain (PLS)was deﬁned as the lowest strain value obtained for the
longitudinal direction during systole (before the reference time point of
the end of systole). Basal, median and apical strain values were respec-
tively calculated as the average of the strain values of the 6 basal, 6 me-
dian, and 4 apical segments.
2.3. Statistical analysis
The statistical analysis was performed using SPSS for Windows
(SPSS version 17, Chicago, Illinois). Quantitative values are expressed
as the mean value ± SD. Intergroup comparisons were made by the in-
dependent samples Student's paired sample t-test or Mann–Whitney U
testwhen appropriate.We assessed the association of LVEFwith the de-
gree of NC by the use of Pearson correlation analysis. A p value b 0.05
was considered to indicate statistical signiﬁcance. Agreements were
assessed for PLS measurement using the method proposed by Bland
and Altman for the inter/intra-observer variability repeated by two in-
dependent observers in 30 patients.
3. Results
3.1. Baseline TTE characteristics
The mean age was 51.8 ± 15.1 years (39 male/76%). There was no
statistical difference in 2D conventional systolic function parameters
between LVNC and DCM patients. The mean LVEF was 33.7 ± 11.2% in
LVNC and 34.0 ± 10.9% in DCM group. LV tends to be more dilated in
LVNC group (LVEDV 190.9 ± 73.0 vs 173.7 ± 69.6 ml, p = 0.067). The
degree of diastolic dysfunction was similar in the two groups. Only the
left atrial area was signiﬁcantly greater in LVNC patients (26.5 ± 8.2
vs 23.5 ± 8.7 cm2, p b 0.005). Right ventricular function was preserved
in both groups.
Conventional echocardiographic characteristics are shown in
Table 1.
3.2. Global and regional deformation parameters (Table 2)
The comparison between LVNC and DCMpatients showed no signif-
icant differences for the global PLS (−10.6 ± 4.9% vs−10.1 ± 4.9%).
The analysis of PLS values at basal and mid-level showed no signiﬁ-
cant differences between the 2 groups.We observed a signiﬁcant corre-
lation between LVEF andGPLS (r=−0.886; p b 0.001) but therewasno
correlation between the degree and the extent of the non-compaction
with the level of systolic dysfunction (LVEF or GPLS).
The analysis of basal, median and apical levels of the LV showed a
signiﬁcant gradient from the base toward the apex among patients
with LVNC. In patient with similar LVEF, LVNC group demonstrated a
relatively preserved and signiﬁcantly higher apical LV PLS values com-
pared to DCM patients (−12.8 ± 5.9 vs−10.7 ± 5.7 p = 0.025). This
difference was conﬁrmed with a ratio of apex/basal strain values of
1.5±0.7 in LVNC group compare to 1.1± 0.4 in DCMgroup (p b 0.001).
3.2.1. Segmental analysis (Table 3)
A total of 726 segments were analyzed on 3 parasternal short axis
views (90.1% of all segments) in LVNC group. The remaining segments
Fig. 1.2DMyocardial deformation pattern of a dilated cardiomyopathy and a left ventricular noncompaction. 2DTransthoracic echocardiography of two patientswithmoderate LV systolic
dysfunction (LVEF: 35%): Apical 4 chambers and parasternal short axis views and Bulls-eye of peak systolic strain values recorded from 3 apical chambers views. (A) Patient with con-
ﬁrmed LV non-compaction demonstrating trabeculations and deep sinusoids within non-compacted layer; higher regional peak longitudinal strain at the level of the apical non-
compacted segment; lower values of systolic deformation in mid- and basal septal and inferior wall with apex/basal ratio N 1.5. (B) Dilated cardiomyopathy with overall segmental
low peak longitudinal strain values.
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Age 51.8 ± 15.1 51.9 ± 15.2 NS
Sex (male) 39 (76) 39 (76) NS
LVEF (%) 33.7 ± 11.2 34.0 ± 10.9 NS
LVEDV (ml) 190.9 ± 73.0 173.7 ± 69.6 0.067
LVESV (ml) 128.4 ± 56.7 118.4 ± 58.8 NS
LVEDD (mm) 65.1 ± 11.4 63.9 ± 7.5 NS
LVM index ASE (g/m2) 154.9 ± 70.4 163.8 ± 82.8 NS
Cardiac output (l/min/m2) 2.6 ± 0.9 2.3 ± 0.8 NS
Diastolic function
LA area (cm2) 26.5 ± 8.2 23.5 ± 8.7 0.005
E/A 1.7 ± 1.2 1.5 ± 1.0 NS
E/E′ 10.9 ± 6.7 10.9 ± 6.0 NS
RV Function
RA area (cm2) 17.6 ± 6.2 16.8 ± 6.2 NS
TR (mm Hg) 28.9 ± 10.8 27.0 ± 11.6 NS
TAPSE (mm) 21.4 ± 6.5 19.5 ± 4.5 NS
S′ (cm/s) 10.8 ± 2.8 10.6 ± 3 NS
LVNC = Left ventricular noncompaction; DCM = dilated cardiomyopathy; LS =
longitudinal strain; LVEF = left ventricular ejection fraction; LVESV = left ventricular
end-systolic volume; LVEDV = left ventricular end-diastolic volume; LVEDD left ventric-
ular end-diastolic diameter; LVM = left ventricular mass; RV = right ventricle;
TAPSE = tricuspid annular plane systolic excursion; TR = tricuspid regurgitation;
LA = left atrium; RA = right atrium; S′ = peak systolic lateral right ventricle.
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or C layer was not possible on the SAX views.
2D TTE identiﬁed 511 (68.7%) compacted segments, 138 (16%) bor-
derline segments and 77 (10.6%) NC segments. Localization of non-
compacted myocardial segments is shown in Fig. 2. The borderline NC
segments were more common in the apical and mid-lateral segments
(11th, 12th 13th and 15th segments) than in basal segments. NC
localization was the most frequent in the 15th and 16th segments in
percentage (Fig. 2). The end-diastolic thickness of compactedmyocardi-
um of the segments appeared lower in NC segment (6.4 ± 1.4 mm)
compared to borderline and C segments (7.5 ± 1.6 and 7.7 ± 1.8 mm;
p b 0.05). Among the NC, C and borderline segments there was noTable 2







Global LS −10.6 ± 4.9 −10.1 ± 4.9 NS
2 chambers LS −11.1 ± 4.9 −10.5 ± 4.9 NS
4 chambers LS −10.3 ± 4.8 −9.9 ± 4.7 NS
3 chambers LS −11.0 ± 5.1 −10.4 ± 4.9 NS
Basal LS −9.3 ± 4.7 −9.9 ± 4.6 NS
Mid LS −10.7 ± 5.1 −10.4 ± 4.9 NS
Apical LS −12.8 ± 5.9 −10.7 ± 5.7 0.025
Apical/basal LS Ratio 1.5 ± 0.7 1.1 ± 0.4 0.001
LVNC = Left ventricular noncompaction; DCM = dilated cardiomyopathy; LS =
longitudinal strain.
Table 3
Segmental analysis of 726 segments of the LVNC patients according to the degree of
trabeculations (3 grades: non-compacted: NC/C ratio above 2; borderline: NC/C ratio be-
tween 0–2 and compacted–no trabeculations: NC/C ratio = 0).
Segments Non-compacted Borderline Compacted
Ratio NC/C N2 0–2 0
Number of segments n (%) 77 (10.6) 138 (19.0) 511 (70.4)
Mean NC/C thickness ratio 2.5 ± 0.5 1.3 ± 0.4⁎,† 0⁎
Compacta thickness (mm) 6.4 ± 1.4 7.5 ± 1.6⁎ 7.7 ± 1.8⁎
Noncompacta thickness (mm) 16.1 ± 3.7 10.2 ± 3.6⁎,† 0⁎
Akinesia/dyskinesia n (%) 4 (5.2) 8 (5.8)† 71 (13.9)
Hypokinesia n (%) 54 (70.1) 95 (68.8) 317 (62.0)
Normokinesia n (%) 19 (24.7) 35 (25.4) 123 (24.1)
WMSI 1.8 ± 0.5 1.8 ± 0.5 1.9 ± 0.6
Segmental PLS value (%) −13.1 ± 6.1 −11.3 ± 6.5 −10.2 ± 6.3⁎
NC = non-compacted; C = compacted; WMSI = Wall motion score index; PLS = Peak
longitudinal strain.
⁎ p b 0.05, Vs NC segments.
† p b 0.05 vs compacted segments.
Fig. 3. Segmental deformation values in LVNC and DCM groups according to the 16-
segment left-ventricular model (ACC/AHA) (PLS: Peak longitudinal strain values; %,
LVNC = left ventricular non-compaction. DCM= dilated cardiomyopathy).
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WMS (Fig. 3).
Segmental PLS values were signiﬁcantly higher in NC compared to C
segments (−13.1±6.1 vs−10.2±6.3; p b 0.05). Regional longitudinal
LV deformation was intermediate in the borderline segments group but
not statically different (−11.1 ± 6.5%) (Fig. 4).
3.2.2. Reproducibility
The intra-observer and inter-observer limits of agreement for peak
longitudinal strain measurements by speckle tracking echocardiogra-
phy were 3.9 ± 3.7% and 2.6 ± 2.8% respectively.
4. Discussion
The mechanisms of myocardial dysfunction in LVNC are not clearly
elucidated. Early reports and recent studies suggest that LVNC is associ-
atedwithmore severe LV dysfunction and a higher incidence of ventric-
ular arrhythmias and thrombo-embolic complications than DCM. This
suggests that LVNC cardiomyopathy is a disease that requires close sur-
veillance and aggressive treatment. As themanagementmay differ from
other causes of cardiomyopathy, LVNC therefore needs early and reli-
able diagnosis [4,17]. We observed a speciﬁc LV systolic deformation
pattern with relatively preserved strain values in NC segments despiteFig. 2.Distribution of non-compaction according to the 16 segment left-ventricularmodel: The b
and borderline segments: NC/C 0–2) according to the 16-segment left-ventricular model (ACCan overall hypokinesia that allows the differentiation from DCM
among patients with decreased LVEF.
4.1. Differentiation between LVNC and DCM
The morphological appearance of the myocardium in LVNC is char-
acteristic and suggests a distinct cardiomyopathy. But pronounced
trabeculation may be presented in both LVNC and DCM, which some-
times makes the differentiation difﬁcult. In our experience, none of
the standard LV systolic dysfunction parameters was able to discrimi-
nate a DCM from a LVNC. Previous studies tried to ﬁnd useful echocar-
diographic discrepancies and demonstrated the same results [18].
According to Tufekcioglu et al., we found that most of the conventional
echocardiographyﬁndings for the two conditionswere statistically sim-
ilar [19]. Also, they notedmore dilated LVwithmore severe LV diastolic
dysfunction in DCMpatients. Unfortunately, this studywas a small sam-
ple of patients who do not match with LVEF between the 2 groups.
Other authors described a distinct form of spherical LV remodeling in
LVNC compared to DCM [20].
Despite new advances in imaging modalities, clinicians' dream
of perfect diagnostic tools for the identiﬁcation of pathologic
hypertrabeculation and predictive factors of LV dysfunction still did
not come true . Accurate evaluation and measurement of LV volumesars represent the location and the percentage of trabeculations (non-compacted; NC/C N 2
/AHA); NC = Non-compacted; C = Compacted.
Fig. 4. Basal, median and apical strain values in LVNC and DCM groups. Mean PLS in LVNC
and DCM groups according to basal, median and apical strain values higher apical LV PLS
values compared to DCM patients (−12.8 ± 5.9 vs−10.7 ± 5.7 p b 0.05) (PLS: Peak lon-
gitudinal strain values; %); LVNC = left ventricular non-compaction. DCM = dilated
cardiomyopathy.
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cause of endocardial border delineation limitations [21]. Moreover the
reproducibility of measurements to diagnose LVNC by accepted criteria
is poor [22].
4.2. Mechanisms of myocardial dysfunction in NC segments
It was demonstrated that LVNCwith preserved LVEF have subclinical
myocardial dysfunction with impairment of deformation parameters
[23]. LV solid body rotation/twist was also described as a potential
quantitative functional diagnostic criterion for non-compaction [24].
In our study we observed a signiﬁcant increase in longitudinal function
from the base to the apexwithmore preserved longitudinal strain at the
level of the apical NC segments. This speciﬁc regional deformation
pattern may help to distinguish this population of cardiomyopathy
from the classical idiopathic DCM. In the normal heart, we know that
myocardial velocities decrease from the mitral annulus toward the LV
apex. However, when the ventricle was subdivided into basal, mid-
ventricular, and apical regions the mean difference of strain values
was only 1 percentage point and the difference was not signiﬁcant
[25–26]. However, contradictory results are reported in the literature
regarding regional deformation distribution in LVNC. In a small study
using tissue Doppler imaging for regional LV deformation assessment,
Niemann et al. reported preserved deformation in basal segments of
LVNC [18]. Our pattern of myocardial strain with the apex/basal ratio
of 1.5 may be related to the shape of the LV and the usual distribution
of NC segments. Sengupta et al. hypothesized that the spongymyocardi-
al architecture of the LV apex likely resists to the dilatation and leads to
the particular form of ventricular remodeling and causes asynergy in
these areas [20]. In addition, a reduced thickness of the compacted
layer in the NC area was noted as previously described. Previous studies
deﬁned a maximal compacted thickness b8 mm as a speciﬁc marker
that allows the differentiation of pathological trabeculation of non-
compaction [27]. Despite a thinning of the compacted layer of NC seg-
ments, the regional thickening and deformation seems to be relatively
preserved in NC segments due to the myocardial deformation of the
NC layer.
4.3. Relation between global systolic function and the degree of segmental
NC
Visually studying wall motion is problematic in NC myocardium.
Cardiac imaging with the use of 2D speckle tracking echocardiographic
may help for tissue characterization and conﬁrm etiology and localiza-
tion of theWMA. Regional morphology, motion and deformation analy-
ses differ inNC segments and explain this pattern. In our studywe found
similar WMS in the 3 categories of C, NC and borderline segments. It isadmitted that the most trabeculated segments are not responsible for
the overall LV systolic dysfunction. Global PLS low values are caused
by impairment ofmyocardial contraction in the affected ventricular seg-
ments but also in the compactedmyocardium. However the correlation
between the number of NC segments with LVEF and LV end-diastolic
volume remains controversial. Several papers suggested that the degree
of NC and the extent of the NC myocardium is related to the severity of
LV function [28–29] and are independent predictors of global LV dys-
function [30–31]. In contrast, a recent study published by Habib and
Fazio et al. reported opposite ﬁndings, identifying no relationship be-
tween the extent of NC myocardium and LV systolic function [2,32]. In
our study the extent (number of NC segments) and the severity (maxi-
mal NC layer thickness) of myocardial non-compaction was not corre-
lated with the LVEF, LV end-diastolic volume index or the global PLS.
The ﬁrst study evaluating myocardial function in LVNC used tissue
Doppler imaging to estimate longitudinal wall velocity and concluded
that longitudinal LV wall velocity is impaired in LVNC but not related
to the extent or severity of NC [33]. We demonstrated signiﬁcantly
higher absolute segmental PLS values in NC as compared to C segments.
Relative chronic myocardial ischemia caused by impaired microcircula-
tion can lead to segmental LV dysfunction and can account for the histo-
logically subendocardial ﬁbrosis or ischemic lesions in prominent
trabeculae [32,34]. Coronary angiography reveals usually no signiﬁcant
abnormalities but positron emission tomography shows a decreased re-
serve of coronary blood ﬂow in the compacted and NC segments
[35–36]. Myocardial ﬁbrosis is the second hypothesis and is observed
in half of the patients with isolated LVNC by Nucifora et al. with an av-
erage extent of 5% of the overall LV myocardium. Fibrosis involved
both compacted and NC myocardium with a similar prevalence. In this
study a signiﬁcant association was observed between the degree of LV
dysfunction and extent of LGE [37].
4.4. Study limitations
Paradoxical contributions of NC and C segments and better under-
standing of LV dysfunction mechanisms in LVNC should come from
speckle tracking echocardiographic studies. Although due to the nature
of the NC myocardiumwith a very unusual and nonspeciﬁc ﬁber orien-
tation, the calculation for regional deformation may be difﬁcult [38].
Even if we took particular attention to endocardial border tracings,
some of the trabeculations are necessary in the AFI region of interest.
As a consequence evidence of direct blood ﬂow coming from the ven-
tricular cavity into deep intertrabecular recesses may change the defor-
mation values.
5. Conclusion
Left ventricular systolic dysfunction associated with heart failure is
the main predictor of outcome and the most frequent initial presenta-
tion of patient with LVNC.
Speckle analysis of echocardiography improves information and
may help to understand the mechanism of LV systolic dysfunction in
LVNC. We observed a base–apex gradient with relatively preserved de-
formation values in the apical region. Despite an overall regional
hypokinesia with alteration of deformation values we noted a signiﬁ-
cantly higher segmental PLS values in NC compared to C segments.
Moreover the extent and severity of NC was not correlated with LV
dysfunction.
The functional impact of an abnormal myocardial architecture in-
duced change in deformation pattern that could help the clinician to
distinguish between normally trabeculated myocardium of DCM from
LVNC.
This study conﬁrms that NCmay be a part of a more generalized car-
diomyopathy and helps to understand the pathophysiology of the LV
dysfunction involving both the morphologically normal and abnormal
segments.
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